The effect of the sponge sample collection site on the recovery of multiple indicator organisms from beef carcass surfaces was evaluated to simplify and validate our previous sampling method for ease of implementation as a general protocol. Sponge samples were collected at three beef processing plants using hot water or acidic antimicrobials as interventions. Two 4,000-cm 2 samples were collected from preevisceration carcasses (n~248), one from the inside and outside round area (top site) and one from the navelplate-brisket-foreshank area (bottom site). One-half of the samples (n~124) were collected before a wash cabinet intervention and the other half after the intervention. The numbers of total aerobic bacteria, Enterobacteriaceae, coliforms, and Escherichia coli were determined for one-half of each individual sponge sample. The other halves of the sponges were combined to represent a top plus bottom 8,000-cm 2 sample. For the preintervention carcasses, 4,000-cm 2 samples collected from the top or bottom sites of the carcasses were not significantly different (P . 0.05) from each other or from the 8,000-cm 2 combined sample in recovery of the indicator organisms. Significant reductions of indicator organisms were observed in all three types of sponge samples after intervention; however, samples collected from the bottom site recovered less organisms (P , 0.05) compared with samples of the other types. These results suggested that samples collected from either the top or the bottom site of the carcasses with this method are suitable for monitoring indicator organisms as long as the same sampling site is consistently used.
In the meat industry, product contamination by foodborne pathogens, such as Escherichia coli O157:H7 and Salmonella, poses a serious public health concern; therefore, commercial meat processors are required to establish hazard analysis and critical control point plans under the regulations by the U.S. Department of Agriculture, Food Safety and Inspection Service. To implement the hazard analysis and critical control point plans, commercial beef processing plants have employed intervention strategies focused on decontamination of beef carcasses and beef products. To ensure that the critical control points adequately address contamination and the intervention procedures function properly, it is necessary to periodically monitor the levels of indicator organisms before and after various interventions applied throughout the processing line. Indicator organisms are monitored, rather than specific pathogens, because indicator organisms are usually present in higher numbers with a homologous distribution on carcass surfaces in comparison with pathogenic microorganisms. A previous study from our group (1) indicated that the prevalence of E. coli O157:H7 correlated with the levels of aerobic plate counts (APC) and Enterobacteriaceae counts (EBC); therefore, the levels of indicator organisms could be used to evaluate the efficacy of the antimicrobial interventions as well as other processes, such as hide removal. Moreover, APC measurement was used to efficiently estimate hide-to-carcass transfer of bacterial contamination by calculating the ratio of APC measurement obtained on preevisceration carcasses to the APC level determined on animal hides (7).
Our previous study described a detailed sampling method implemented by the beef industry as a tool to evaluate process control and assess the hazard analysis and critical control point plans (1) . Because that sampling method focused on pathogen prevalence, a large carcass surface area was targeted for sample collection. One sponge was used to collect a surface sample from the top area of the carcass, and another sponge was used to collect a surface sample from the bottom area. Each sampled area was approximately 4,000 cm 2 , and the two sponges were combined before the levels of indicator organisms and the prevalence of E. coli O157:H7 were determined. However, to collect pre-and postintervention carcass samples following this protocol, two to four personnel are required to collect samples at different points on the processing line, and this is not always feasible in a commercial setting. A simplified protocol with sample collection from one site on the carcasses would be much preferred. Therefore, the purpose of this study was to evaluate the effect of sampling area and location on the recovery of indicator organisms from beef carcasses to determine if the two-sponge 8,000-cm 2 sampling method could be simplified by collecting samples from only one of the 4,000-cm 2 surface areas or sites.
MATERIALS AND METHODS
Sample collection. Samples were collected from preevisceration carcasses before and after a preevisceration carcass intervention at three different large scale (2,000 to 4,000 head per day) beef processing plants. Commercial preevisceration wash cabinets were in use at each plant, and the average spray time for each carcass was approximately 5 to 15 s; one plant used hot water (approximately 80uC), while 5% lactic acid and 220 ppm of peroxyacetic acid were used as antimicrobial interventions by the other two plants, respectively. At each plant, 40 to 42 preevisceration beef carcasses before and after intervention were sampled. The samples were collected on the same day, and two to four lots of cattle were present in each sample collection. Carcasses within the same period of production were sampled at irregular intervals without efforts to track the same carcass before and after the intervention. A total of 248 samples were collected for the study: 124 preintervention and 124 postintervention. All samples were collected using Speci-Sponges (4 by 8 cm; Nasco, Fort Atkinson, WI) moistened before use with 20 ml of Difco buffered peptone water (BD, Sparks, MD) in Whirl-Pak bags (Nasco). Two sponges, one for 4,000 cm 2 of the inside and outside round area (top site) and one for 4,000 cm 2 of the navel-plate-brisketforeshank area (bottom site), were used to swab each carcass by rubbing one-half of the surface area vertically, turning the sponge over, and then rubbing the other half of the surface area horizontally. After collection, each sponge was sealed in a Whirl-Pak bag, stored in a cooler box containing ice packs, transported to the laboratory, and processed the day following collection.
Sample processing. Upon arrival at the laboratory, each pair of sponges from one particular carcass were aseptically removed from the bag and cut in half with sterilized scissors. One-half of each sponge (approximately 4 by 4 cm) was returned to its original bag, while the other halves of the sponges were placed into a new sterile Whirl-Pak bag to become a combined sample. Thus, each separate top and bottom sample represented a final surface area of 2,000 cm 2 , and the combined sample represented a surface area of 4,000 cm 2 . All samples were hand massaged thoroughly in the bags, and aliquots of 5 ml were removed from each bag. The sample aliquots were used for enumeration of APC bacteria, Enterobacteriaceae, coliforms, and E. coli as described below. After the 5-ml aliquot was removed, the sponge samples were then further processed for the presence of pathogens (E. coli O157:H7 and Salmonella), as described below.
Bacterial counts. Total APC and EBC were obtained using a Bactometer (bioMérieux, Hazelwood, MO). The Bactometer values were derived from standard curves established using Petrifilm Aerobic Count Plates and Enterobacteriaceae Count Plates (3M Microbiology, St. Paul, MN), as previously described (6). The counts of E. coli and coliforms were determined using the Petrifilm E. coli/coliform count plates (3M Microbiology) following the manufacturer's instructions.
Pathogen detection. Following the removal of the 5-ml aliquot for indicator counts, 90 ml of Difco tryptic soy broth (BD) was added to each sponge bag. The sponges were gently massaged and then incubated in a programmable incubator (Thermo Fisher Scientific Inc., Waltham, MA) at 25uC for 2 h, followed by 42uC for 6 h, and held at 4uC for 8 to 12 h until processed. Following incubation, 1 ml of each sample was removed for DNA preparation, as previously described (1). The presence of E. coli O157:H7 and Salmonella was determined by PCR amplification of targets, indicating E. coli O157:H7 (15) and the Salmonella-specific invA gene target (17) .
Statistical analysis. Data of bacterial CFU were log transformed and analyzed as a completely randomized complete block design using the PROC GLIMMIX procedure (SAS, Cary, NC). Models tested fixed effects of sample location (top-site, bottom-site, or combined samples), sample type (pre-or postintervention), and their interactions. The processing plant was fit as a random effect. Least-squares means for the interaction were generated and separated using the diff and lines options for the LSMEANS statement. A predetermined probability of type I error (alpha) of 0.05 was used for all judgments of statistical significance.
RESULTS AND DISCUSSION
The sponge swabbing method, used in the beef industry for collecting data from carcass surfaces for a number of years, is considered a practical and effective surface sampling method because it is nondestructive, easy to perform, and requires low amounts of specialized materials and personnel training. In addition, data obtained by swabbing are generally reproducible. For example, it was reported that sponge sampling was an effective method for recovering E. coli O157:H7 and Salmonella Typhimurium from beef carcass surface tissues, even when these pathogens were present at levels lower than 1 CFU/ 100 cm 2 (12). Gill and Badoni (14) reported that the recovery of APC, coliforms, and E. coli from carcass surfaces by sponge swabbing did not differ substantially because of sample collection by operators with different levels of sampling experiences. Numerous studies that have evaluated factors that may influence the effectiveness of bacterial recovery by the sponge swabbing method, including the type of sponges, time of swabbing, and the physical pressure during the application of the sponges, have also verified the usefulness of this method (5, 8, 16 ). Based on the sponge swabbing protocol that we described in our previous study (1), which used two separate sponge samples that were later combined for analysis, we have assessed the differences observed between the two sampling sites independently and combined on the recovery of the indicator organisms pre-and postintervention.
The levels of aerobic bacteria, Enterobacteriaceae, coliforms, and E. coli were tested in this study. Mean logarithmic counts of pre-and postintervention indicator organisms recovered in various sponge sample types are shown in Table 1 . In samples collected from carcasses located before the intervention wash cabinet, mean log values of APC were 5.9 and 6.1 log CFU/100 cm 2 for the top-and bottom-site samples, respectively, which were not significantly different (P . 0.05). The top plus bottom combined sample, however, had an average APC count of 6.4 log CFU/100 cm 2 , which was significantly higher (P , 0.05) than the values of the top-or the bottom-site samples separately. The mean EBC on the preintervention carcasses were different from one another (P , 0.05): 2.2, 1.7, and 2.9 log CFU/100 cm 2 for the top-site, bottom-site, and top plus bottom combined samples, respectively. The average log values of coliforms recovered from the top-site, bottomsite, and top plus bottom combined preintervention samples showed no significant difference and were 2.0, 1.8, and 2.1 log CFU/100 cm 2 , respectively. E. coli recovered from the preintervention carcasses was 1.8 and 1.7 log CFU/100 cm 2 for the top-and bottom-site samples, respectively, and showed no significant difference (P . 0.05). However, the top plus bottom combined sample had an average E. coli count of 1.9 log CFU/100 cm 2 , which was not different from the top-site sample but statistically differed from the bottom-site sample (P , 0.05).
The distribution of bacteria on carcass surfaces has been shown to be nonuniform. When 15 different 5-cm 2 sites on beef carcasses at two different processing plants were sampled, APC values ranged from 3.0 ¡ 0.8 and 3.3 ¡ 0.7 log CFU/cm 2 on the hock, to 0.8 ¡ 1.0 and 0.7 ¡ 0.8 log CFU/cm 2 on the brisket, to 1.4 ¡ 1.0 and 1.4 ¡ 1.3 log CFU/cm 2 on the neck (4). These variations are the likely result of bacterial transfer during the steps of hide removal (2). The observations of differences in the 4,000-cm 2 samples collected in this study are not surprising; however, it is surprising that in many situations, there are no differences between the sample collection sites. The 4,000-cm 2 sample size was empirically determined to be the greatest size allowable before the sponge was saturated with sample (1). This large area most likely averages out the variability reported by others from much smaller sample areas.
Our data shows that the recovery of preintervention indicator organisms does not differ substantially because of samples being collected from the different sites. The sponge samples from either the top or the bottom area of the carcasses can be suitable for monitoring the levels of preintervention indicator organisms. In fact, due to the unavoidable imprecision of bacterial enumeration and plantto-plant/sample-to-sample variations, average values of bacterial counts that differed by less than 0.5 log unit are often regarded as similar (10) .
The second carcass sampling type was at a point after preevisceration carcass wash cabinets. At this step in the process, the mean log APC values were 5.3 and 4.2 log CFU/ 100 cm 2 for the top-and bottom-site samples, respectively, which were significantly different (P , 0.05). The top plus bottom combined sample, however, had an average APC that was the same as the value of the top samples. The EBC, coliform, and E. coli counts on the postintervention carcasses followed this pattern of the top and the top plus bottom combined sponges, having values that were not different (P . 0.05), while the samples collected from the bottom site had significantly (P , 0.05) lower values.
The influence of the sampling sites on determining the efficacy of preevisceration wash cabinets by measuring the levels of the indicator organisms from the top or bottom sites on beef carcass surfaces collected as soon as safely possible upon exit from the cabinet showed variable effects (Table 1) . When comparing pre-and posttreatment samples of each site (top, bottom, or top plus bottom combined), significant reductions in counts were observed for all the indicator organisms after the intervention procedure. By comparing the pre-and postintervention top plus bottom combined samples, the mean log values showed that the intervention procedure reduced the counts of APC, coliforms, and E. coli by 1.1, 0.5, and 0.6 log CFU/ 100 cm 2 , respectively. When the top-site samples were analyzed, the mean reductions of these microorganisms were not great as the reductions of the top plus bottom combined samples. Reductions of 0.6, 0.3, and 0.4 log units for APC, coliforms, and E. coli, respectively, were observed for the samples collected from the top carcass site. However, the intervention treatments led to significantly higher reductions of the same microorganisms when measured in the samples collected from the bottom sites of the carcasses. Comparing the mean log counts of the pre-and postintervention bottom-site samples, the mean reductions of APC, coliforms, and E. coli after intervention were 1.8, 1.7, and 1.7, respectively, which were all substantially greater than the reductions of the same microorganisms when measured in other sample sites. The only exception was the reduction of EBC after the treatments. Analysis of the topsite and the combined samples showed similar EBC reductions after the interventions.
In previous studies of carcasses pre-and postintervention, we have measured APC reductions of 1.6 log CFU/ 100 cm 2 following treatment with lactic acid and 2.7 log CFU/100 cm 2 after a hot water wash (6). Others have reported reductions of carcass APC following peroxyacetic acid, acidified sodium chlorite, hot water, and lactic acid that ranged from 0.8 to 1.2 log CFU (9, 11, 13) . However, all of the previously mentioned studies focused on only a specific antimicrobial applied under the same conditions using the same intervention cabinet. Our data presented here were collected from three different processing plants, with each using different interventions and equipment; therefore, the data analysis used a model of fixed effects for the sample site (top, bottom, or top plus bottom combined), the sample type (pre-or postintervention), and their interactions as well as the processing plant where the samples were collected to fit as a random effect. That the bottom-site samples consistently had the most cell reduction and the lowest recovery of posttreatment viable bacteria could be due to the intervention procedures in place that involved the application of antimicrobials such as lactic acid, hot water, or peroxyacetic acid, depending on the processing plants. The interventions may not have affected the carcasses uniformly from top to bottom. The high-pressure nozzles in some cabinets may focus more pressure or be more closely placed to the midline and brisket than the hock and leg. Because liquid may accumulate toward the bottom area of the carcasses, greater exposure time to the antimicrobials may occur at the lower portions of the carcass. In addition, neutralizing buffer was not used when these samples were collected from the commercial plants; therefore, there is the possibility that intervention residue may have interfered with the analysis of some bottom-site samples. Finally, we attempted to collect postintervention samples as near as possible to the exit of the wash cabinet, but in some cases, knife trimming occurred before the samples were properly obtained. Thus, some lower carcass surface was also physically removed before a sample could be obtained, which is an unavoidable situation when collecting samples during normal production in beef processing plants.
In our initial studies that established the combining of two sponge samples (1) over an 8,000-cm 2 area, the goal was to monitor pathogen prevalence. To have the greatest sensitivity for low levels of pathogens, a greater sample surface area is needed. During these studies, pathogen recovery pre-and postintervention was examined. In the present study, E. coli O157:H7 and Salmonella prevalence at the two sampling sites was too low to draw conclusions with statistical significance. When all carcasses were considered, only 12 were found to be positive for E. coli O157:H7. Five carcasses were positive from top-site samples, five from bottom-site samples, and nine from combined samples (data not shown). Half of these E coli O157:H7-positive samples were only positive in one of the three samples from the respective carcass, which shows the value collecting a sample from a large surface area to monitor pathogens. However, when the intent is to monitor indicator organisms, top plus bottom combined samples do not prove more valuable than the individual samples.
The goal of this study is to compare overall recovery of the indicator microorganisms from the individual or combined sampling sites at different steps on the processing line but not to focus on plant-to-plant variations or to compare the efficiency of the different intervention procedures. In addition, the final surface areas in this experiment are half of what would have been collected under normal conditions. Our top or bottom samples were effectively a 2,000-cm 2 sample due to the process of cutting sponges in half, and the top plus bottom sample was effectively a 4,000-cm 2 area. To properly sample carcasses for this analysis, there would be no appropriate method to collect two top or bottom samples from the same carcass. Previous sample collection experiments that addressed the effects of oversampling showed that a secondary sample collected from the same area after an initial sample could not be used for adequate data analysis (3).
In summary, our results indicated that there is no significant difference in relative levels of the indicator organisms on preintervention carcass samples collected from the top or bottom sites of the carcasses or the combination of these two sites. Significant reductions of indicator organisms were observed in all three types of sponge samples after intervention; however, samples harvested from the bottom site of the carcasses showed greater reductions compared with samples of the other types. These results suggested that with this method, samples collected from either the top or bottom site of beef carcasses are suitable for use to monitor background levels of the indicator organisms, as long as the same sampling site is consistently used.
